J 



Europaisches Patentamt 
European Patent Office 
Office europ'en des brevets 



O Publication number: 



0 308 109 

A1 



(£) Application number: 88308120.0 
<§) Date of filing: 01.09.88 



EUROPEAN PATENT APPLICATION 

0int.ci.- CO8G 61/12 , H01B 1/12 





Claims for the following Contracting State: ES. 




Applicant: THE DOW CHEMICAL COMPANY 








2030 Dow Center Abbott Road P.O. Box 1967 


® 






Midland Michigan 48640-1 967(US) 


Priority: 16.09.87 GB 8721750 


® 








Inventor: Eiffler, Jurgen 




Date Of publication of application: 




Wagnerstrasse 56 




22.03.89 Bulletin 89/12 




D-2160 Stdde(DE) 




Designated Contracting States: 




Representative: Raynor, John et ai 




AT BE CH DE ES FR GB GR IT LI NL SE 




W.H. Beck, Greener & Co 7 Stone Buildings 








Lincoln's Inn 








London WC2A 3SZ(GB) 



© Electrically conductive polymer compositions, processes and polymers useful for preparing the 
polymer compositions. 

© Electrically conductive polymer compositions are prepared by oxidative polymerization of one or more 
aromatic compounds in the presence of a polymer. The polymer comprises a polydentate anionic complex 
which has a redox potential sufficient for enabling oxidative polymerization of the aromatic compounds. 



Said polymer which has a non-metallic anionic complex such as $2 08^ is novel. 
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ELECTRICALLY CONDUCTIVE POLYMER COMPOSITIONS, PROCESSES AND POLYMERS USEFUL FOR 

PREPARING THE POLYMER COMPOSITIONS 

Electrically conductive polymers are the focus of considerable interest as they are possible replace- 
ments for metallic conductors or semi-conductors in a wide variety of applications such as m batteries, tn 
photovoltaics. and in electrostatic dissipation and electromagnetic shielding uses. 

It IS well known that conductive polymers such as polypyrrole can be synthesized through electro- 
5 chemical oxidative polymerization of pyrrole (A.F. Diaz et al.. J.C.S.. Chem. Comm., 1979. pages 635 and 
636). Unfortunately, the mechanical properties of the produced polypyrrole coatings or films are often 
unsatisfactory unless special care is taken to chose the proper type of solvents or conducting salts such as 
aromatic sulfonic, disulfonic or oligosulfonic acids disclosed in DE-A-34 21 296 and DE-A-33 18 857, 

It is also known that pyrrole can be polymerized chemically, for example with potassium peroxydisut- 
70 phate, potassium permanganate, sodium perborate or potassium bichromate in the absence or presence of 
a conducting salt, (K.G. Khulbe and R.S. Mann. Journal of Polymer Science. Vol. 20, pages 1089 ff.. 1982 
and DE-A-3325892). From DE-A-3307954 tt is known that electrically conductive pyrrole polymers having 
small particle sizes can be obtained by polymerizing pyrrole in the presence of carriers of small size. 
However, it is often desirable to produce films or coatings from the powdery pyrrole polymers. DE-A- 
15 3227914 discloses pressing pyrrole polymers at a temperature between 150' C and 300 C and a pressure 
of at least 50 bar: however, this method is rather inconvenient for prepanng films or coatings. 

Accordingly, others have suggested prepanng composite films of polypyrrole and PVC, polyimides. 
polystyrenes and polymethacrylates (O. Niwa et al., J. Chem. Soc. Chem. Commun.. 1984 pages 817 and 
818: M.-A. De Paoti et al.. J. Chem. Soc. Chem. Commun.. 1984 pages 1015 and 1016 and EP-A-191 726). 
20 in Chemical Abstracts 106 (2):6150c providing an abstract of JP61 123638 it is suggested to soak a PVC 
film containing aniline with an ammonium persulphate solution. However, these methods are quite com- 
plicated and time consuming. 

DE-A-3419788 discloses electrically conductive copolymers and blends of polymers which are com- 
posed of a polymer component A without a conjugated pi-system and a polymer component B with a 
35 confugated pi-system such as polypyrrole. polythiophene or polyaniiine. The disclosed examples of 
component A are polyvinylchloride (PVC), polybutadiene, polyacrylate. polymethacrylate. copolymers of 
maieic acid anhydride and styrene. copolymers of butadiene and styrene. chloromethylated polystyrene or 
polymers which are functionalized with a -NHz or -OH group such as poly-(p-aminostyrene) or poly- 
vinyiamine which contain redox-active groups which have in the oxidized or reduced state an active 
10 potential v/hich is sufficient for oxidation or reduction of component B. As redox-active groups are disclosed 
complexes or chelates of transition metals, benzoquinone or ferrocene. Unfortunately, the polymer compo- 
nent A has to be functionalized in several steps in order to incorporate the redox-active groups. 

U.S. Patent 4.604.427 discloses a method of impregnating a non-porous, swellable or soluble 
polyamide. polyvinyl chloride, polycarbonate, polyvinyl acetate or polyurethane with pyrrole or aniline and 
35 with a chemical oxidant such as ammonium persulphate or iron tnchlonde. Powders or films are obtained. 
U.S. Patent 4.617,353 discloses a process wherein a solution of an electrically non-conducting polymer 
such as PVC. butadiene copolymers and olefin-homo- and copolymers is formed in a nonhydrous liquid 
reaction medium and a pyrrole monomer is contacted in sou with a polymerization initiator selected from 
the group consisting of anhydrous halides of iron. cobaFor nickel. R. Yosomiya. Makromol. Chem,. Rapid 
40 Commun. 7. pages 697 to 701 (1986) discloses that poly(vinyl alcohol). poly(methyl methacrylate) and poly- 
(vinyl chlcride) are dissolved in an appropriate solvent together with CuCI: or FeCh. the solution is cast on 
a glass plate and dried to form a film which is then reacted with pyrrole. 

Uniortunately. the oxidant or polymerization initiator is distributed mhomogenecusly m the films 
prepared according to these processes and the mechanical properties of the films are often insufficient. 
^5 P. Aldebert et al., J. Chem. Soc, Chem Commun.. 1986. pages 1636 to 1638 disclose polymer alloys 

with mixed electronic and ionic conductivity which have been synthesized from perftuorosulphonated 
lonomer membranes and monomer precursors of electronically conducting polypyrrole or polyaniiine. A 
commercially available solid acidic Nafion (Trademark) film is soaked m an aqueous solution containing 2M 
FefCIOOj and 0.5 M HCIOt. The proton sites of the Nafion film are exchanged by irondll) ions. The Nafion 
50 film IS produced from an lonomenc polymer containing SO? group. Polymerization of aniline inside the ionic 
membrane is obtained by soaking the Fe-" exchanged Nafion m a 1M aqueous solution of aniline acidified 
/;ith H:SOi or HCIO*. 

Due to the limited use of pyrrole polymers in or on matrix polymers in powder form and the limited 
choice between matrix polymers and processes which are useful for producing electncally conductive 
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pyrrole or aniline polymers in the form of a film or coating, it remains desirable to provide a new electncaily 
conductive polymer composition comprising polypyrrole, polythiophene. polyaniiine or similar polymers 
which polymer composition can be produced in the form of a film or a coating. Furthermore, it remains 
desirable to provide a new matrix polymer and a new process useful for producing such electrically 
5 conductive polymer composition. 

Surprisingly, it has been found that certain types of polymer are useful for producing such electrically 

conductive polymer compositions. 

Accordingly, one aspect of the present invention is an electrically conductive polymer composition of a 

polymer a) comprising one or more aromatic compounds in polymerized form and 
70 a polymer containing ionic groups. 

characterized in that it is producible by oxidative polymerization of the said aromatic compounds in the 

presence of a polymer b) containing a polydentate anionic complex which has a redox potential sufficient 

for enabling oxidative polymerization of the said aromatic compounds. 

A further aspect of the present invention is a process for preparing an electrically conductive polymer 
75 composition which process comprises polymerizing one or more aromatic compounds in the presence of a 

polymer containing a polydentate anionic complex having a redox potential sufficient for enabling oxidative 

polymerization of the aromatic compound. 

Another aspect of the present invention is a process for preparing an electrically conductive polymer 

composition which process comprises polymerizing one or more aromatic compounds in the presence of an 
20 oxidizing agent containing a polydentate anionic complex having redox potential sufficient for enabling 

oxidative polymerization of the aromatic compound, and in the presence of a polymer containing anions 

which are spontaneously exchangeable with the polydentate anionic complexes in the oxidizing agent and 

before or during oxidative polymerization of the aromatic compound the anions in the polymer are at least 

partially exchanged with the polydentate anionic complex of the oxidating agent whereby a polymer 
25 containing the polydentate anionic complex is produced. 

Still another aspect of the present invention is the use of such an electrically conductive polymer 

composition as an electrical conductor or semi-conductor, as an electrode material, for example in a 

rechargable battery or in an electroplating process, in solar cells, for antistatic finishing of plastics, or paper. 

as an electromagnetic shielding material, as an electrochemical membrane, in a heating film, for capacitive 
30 scanning or in a fuel cell. 

Still another aspect of the present invention is a polymer which is cross-linked via polydentate. anionic 

non-metallic complexes which have a redox potential sufficient for enabling oxidative polymerization of 

aromatic compounds. 

The electrically conductive polymer composition of the present invention is basically produced of 
35 a polymer a) comprising one or more aromatic compounds 
in polymerized form and 
a polymer containing ionic groups 

which polymer a) is producible by oxidative polymerization of the said aromatic compounds in the presence 
of a polymer b) containing a polydentate anionic complex which has a redox potential sufficient for enabling 
40 oxidative polymerization of the said aromatic compounds. 

Polymer b) is described in the following paragraphs in detail. The polydentate anionic complexes which 
have a redox potential sufficient for enabling oxidative polymerization of the aromatic compounds may be 
metallic complexes such as MnO*'. CrsOz^" or [Fe(CN)6p-. However, non-metallic complexes are 
preferred, typically those wherein the following elements are the main elements of the complex: elements of 
45 group IIIA. such as boron, of group VA. such as nitrogen or phosphorous, or of group VIA. such^as oxygen 
or sulfur, of the Periodic Table of Elements, Exemplary thereof are S2O3"", BxO?-' and C!Oa , the first 
two being more preferred complexes, with S2O8-" toeing the most preferred one. 

The non-metallic polydentate anionic complexes are preferred over the polydeiMate anionic metal 
complexes. For example, unlike complexes containing heavy metal ions, they are not subject to ecological 
50 discussions. 

Polymers cross-linked with polydentate, anionic metallic complexes are known. From E.A. Bekturov. 
"Interaction of poly(diallyldimethylammoniumchloride) with ferro- and ferricyanide anions". Macromol.Chem. 
186/71-75(1986) and DD-A-147 949 it is known to react poly(diallyldialkylammoniumchlonde) with metallic 
complexes such as MnO*- or Fe(CN)6^~. In DD-A-147 949 it is suggested to make use of this reaction m 
55 waste water treatment. However, the usefulness of such polymers cross-linked with polydentate. anionic 
metal complexes for preparing the electrically conductive polymer compositions of the present invention is 
not known. 

The standard half cell potential of the polydentate anionic redox system is preferably more than +0.1 
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Volt, more preferably more than +0.8 Volt, rnost preferably more than + 1.2 Voit. depending on the lype of 
the monomenc precursors of poiymer a). It is important that the anion not only has a redox potential 
sufficient for enabling oxidative poiymenzation of the monomenc precursor(s) of polymer ai but that (t >s 
also a polydentate complex. The expression "polydentate complexes'* includes bidentate. tndentate. etc. 
complexes. The anionic complexes are mono- or polyvalent, preferably mono- to tnvaient. more preferably 
divalent. Most preferably, polymer b) contains anionic polynuciear complexes which contain several 
coordination centers linked together with bridge ligands or metal to metal bonds. The polymer bi is 
obtainable m the form of a film or a coating if it contains these polydentate anionic complexes. Without 
wanting to be bound to a particular theory, it is believed that the polydentate anionic complexes cause 
cross-linking of the polymer whereby films or coatings are obtained. 

Those polymers b) which are cross-linked via the above mentioned non-metallic complexes such as 
SrOs*^"" or BaO?^" are novel. 

The polymer of the present invention and polymer b) preferably have phosphonlum or sulphonium 
groups and more preferably ammonium groups m the polymer chain(si. Polymers c)' which have such 
groups but v/hich contain monodentate anions such as hydroxyi or chloride and which polymers are linear 
are disclosed m British Patent Specification 1.084.540. The examples of the groups given therein are 
incorporated herein by reference. Preferred groups are 



wherein R- and are independently hydrogen, alkyl. araikyl or phenyl or wherein R- and R: are joined 
together to represent the atoms required to complete a heterocyclic ring such as pipendine. .pyrrolidine, or 
morpholine. e.g. 

or -^CH:)-O^CH:):- 

and wherein R- and R^ are independently alkyl. monocyclic aryi or monocyclic aryl-aikyi and wherein R= rs 
alkyl or monocyclic aryl-alkyl. 

The above noted phosphonium. sulphonium and ammonium groups are a part of the polymer chain. 

The more preferred cross-linked polymers of the present invention are homo- or copolymers produced 
frorr. one or more monomers of Formula I 
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70 



'CHo - C = CH- 



CH2 - C = CH2 



(I) 



15 wherein 

A and B are the same or different and represent an alkyi or phenyl radical, the alkyl or phenyl radical can 
be unsubstituted or substituted with a substituent which is not polynnertzable in the presence of a free 
radical initiator; 

or A and B together represent -CH2-CH2-. -CH(CH3)-CH(CH3)-. -CH = CH-CH CH-. -CH = CH-CH = N-. or 
20 -CH = CH-N = CH-; and 

R and r' are the same or different and represent an atom or group which is non-polymerizing 
and which polymers are cross-linked via polydentate, anionic, non-metallic complexes which have a redox 
potential sufficient for enabling oxidative polymerization of aromatic compounds, preferably via SsOs-" or 
B407-~ ions. 

25 Preferred substituted alkyl or phenyl radicals A or B each independently are substituted by hydroxy. 

amido. carboloweralkoxy. loweralkoxy, phenoxy. naphthoxy, cyano. thioloweralkoxy, thiophenoxy, loweral- 

koyl, 5- or 6- membered cycloalkyi, or represent a nitro substituted alkyl group. 

Suitable R and R groups independently are hydrogen, alkyi or phenyl radicals, the alkyl or phenyl 

radicals are optionally substituted by hydroxy, amido, carboloweralkoxy, loweralkoxy. phenoxy. naphthoxy. 
30 cyano. thioloweralkoxy, thiophenoxy. loweralkoyi, 5- or 6-membered cycloalkyi. or a nitro substituted alkyl 

group. 

**Lower" alkyl or alkoxy means alkyl or alkoxy groups having from 1 to 9 carbon atoms. 
Preferably, the alkyl groups A and B when they are substituted, each independently represent beta- 
propionamido. C2-3-hydroxya/kyl. Ct -«8-alkoxyalkyl or arafkyi groups: benzyl, hydroxymethyl. hydroxyethyt 
35 or ethoxyethyl groups are particularly preferred. 

PreferabJy. the alkyl groups A and B each independently have l to 18. more preferably 1 to 12. most 
preferably 1 to 8 carbon atoms, such as, for example, methyl, ethyl, propyl, tsopropyl, n-. s- or t-butyl, 
pentyf, 2-ethyi hexyi. octyl, dodecyl or octadecyi groups. 

Preferably R and R each independently represent Ci-?-alkyI. more preferably methyl or ethyl, or 
-io hydrogen. The most preferred cross-linked polymers of the present invention and polymer b) respectively 
are homo- or copolymers of one or more monomers of formula I wherein A and B each independently 
represent methyl, ethyl or unsubstituted phenyl, preferably methyl; and R and R are independently 
hydrogen or methyl, and which polymers are cross-linked with S2O3"" anions. 

Further useful polymers of the present invention are homo- or copolymers of one or more monomers of 
45 formula II 



50 



55 
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R 




which polymers are cross-linked with anions of the above mentioned types, and A. B and R have the above- 
mentioned meanings and 

R-2 represents hydrogen or has one of the meanings stated tor A. 

The monomers of formula I or 11 can also be copolymerized with any other monomer copolymerizabte 
therewith, for example with a monomer of formula III 

^^13 



25 




(III) 



wherein R-3 represents hydrogen, halogen, an alkyl. cycloalkyl. aryl. alkaryl or aralkyi radical, and R* 
30 represents an aryl or alkaryl radical or a radical represented by the formula 
(a) -C = N 
(b) 

O 

M 

-O- C -R*: 

O 
II 

- C -OR^ 
(d) 

o 

II 

*J0 - C -Rz 

<e) 

0 Rq 



-C-N 



^Rg 



50 /f> -OR-o 

where R-: and R? each independently represent an alkyl. cycloalkyl or aikoxyalkyi radical: R? has the same 
meaning as previously given for and Rr. and. m addition, can be an aryl radical. R3 and R« each 
independently represent hydrogen, an alkyl. cycloalkyl. aryi. alkaryl. aralkyi or alkovyalkyi radical: and R- ; 
has the same meaning as previously given for R-- and Rt,. 
55 Preferred monomers of formula III are acryionitnle. styrene. acrylamide and vmy! acetate 

The polymers b) can be prepared from known polymers c) which typ»caily contain halogen type anions 
by exchanging these anions with polydentate anionic complexes having the desired redox potential such as 
S^O",-". Cr-0;--. B^O?-". MnOi" or [FefCNk]-" and cross-linkmg the polymer. The anion exchange 
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however does not occur when the polydentate anionic complexes such as S^Os^" are contacted with a 
monomeric precursor of polymer b). The polymer c) used for prepanng polymer b) by anion exchange and 
cross-linking preferably has an average molecular weight of at least 20.000. more preferably more than 
50.000 and most preferably from 200.000 to 5.000,000. Known polymers c) which are useful for preparing 
5 the cross-linked polymer b) are for example poly(ionenes) such as poly(dimethyl-ammoniono)-l .6-hexylene 
bromide. poly(2-acryloxyethyl-dimethy!sulfonium chloride), poIy(glycidyltnbutyl phosphonium chloride). 
poly(acryloxyethyl trimethyl ammonium chloride). poly(methacryloxyethyl trimethyl ammonium chloride). 
poly(vinyl benzyltri-methyl ammonium chloride), poly-(methyl(vinyl pyridinium) ammonium chloride). poly(3- 
methacryloxyl (2-hydroxy propyl) trimethyl ammonium chloride). poly(3-acrylamido-3-methyl butyl trimethyl 

10 ammonium chloride), poIy(alpha-(methylene trimethyl ammonium chloride)-ethylene oxide), poly(dim8thyl 
propyl ammonium chloride), quaternized poiy(2- or 4-vinylpyridine), quaterntzed polyethyleneimine, poly- 
(vinyl methyl pyridinium chloride) or quaternized poly{dimethy!-aminoethyi methacrylate) or copolymers of 
the monomeric precursors of the above-mentioned polymers with vinyl monomers, in particular copolymers 
of vinylpyridine/styrene. vinylpyridine. butadiene, vinylpyridine styrene.butadiene-terpolymers, the 

75 vinyipyridine-moities being converted into their salt form by treatment with acids, preferably inorganic acids 
or being in their quaternized form. Terpolymers having poly (vinylbeneyltrimethyl ammoniumchloride)- 
styrene^butadiene units or terpolymers having poly(acryloxethyltnmethyl ammoniumchioride) or poly- 
(methacryloxyethyltrimethyl ammoniumchioride) units instead of poly(vinylben2yltnmethyl ammoniumch- 
ioride) are also useful. The most preferred copolymers or terpolymers are those having the moities such as 

20 the quaternized vinylpyridine or vinylbenzyltrimethyl ammoniumchioride in an amount of 1 to 50 percent 
and butadiene in an amount of 20 to 70 percent, based on the polymer weight, any remaining polymer 
portion being copolymerized styrene. Mixtures of a polymer c). preferably of a poiy (diallyldiaikyi am- 
moniumhalide) with a polymer dispersion are also useful for prepanng the electrically conductive polymer 
composition of the present invention and are also included in the definition of *'the polymer c)". Preferred 

25 polymer dispersions are known aqueous dispersions of the polystyrene, polystyrene, butadiene or carbox- 
yfated polystyrene/butadiene type which are generally known as adhesives or pigment binders. The 
mixtures preferably contain from 1 to 50 percent, more preferably from iO to 40 weight percent of the 
polymer c). 

The polymers c) having cationic groups of the type disclosed above with respect to polymers b) and 

30 having anions selected from halogen such as bromide, fluoride and chloride ions, tetrafluoroborate. 
phosphate, nitrate, sulphate. HSO*^ or organic anions, such as acetate or the anion of benzene sulphonic 
acid or p-styrene sulphonic acid or other monodentate anions are known in the art. The polymers c) are for 
example described in U,S. Patents 2.923,701, in British patent 1,037.028. in U.S. Patent 3.968,037 and in 
Belgium patent 664427. These known polymers are typically linear and usually soluble or swellabe in water 

35 to a substantial extent. They can be produced according to known polymerization processes in aqueous 
solution or according to emulsion or suspension polymerization. Solution polymerization is described in U.S. 
Patent 3.288.770. Emulsion polymerization and suspension polymerization are described in U.S. Patents 
3,284.393 and 2,982.749. From published Dutch patent application 6505750 radical-type polymerization of 
diallyldimethylammonium chloride in the presence of a persulphate catalyst is known. However, the radical- 

JO type polymenzation does not provide cross-linked polymers containing persulphate anions. 

As mentioned above, the polymers c) are preferably linear. However, it is also possible to start from 
known polymers of the above mentioned types which have been cross-linked with difunctional or tnfunc- 
tional non-ionic monomers, for example diallylamine. tnallylamine. divinylpyridine. ethylene glycol dia- 
crylate. divinylbenzene. diallylphthalate, diallyifumarate or trivinylbenzene. These products can be slightly 

-5 cross-linked and still substantially water-soluble or they can be highly cross-linked and used in the form of a 
gel for preparing polymers b). The polymers c) can contain up to 15 weight percent of the monomeric 
precursor. However polymers c) preferably contain less than 5 weight percent, more preferably less than 
0.2 weight percent, monomer. 

A suitable polymer b) containing polydentate anionic complexes can be produced by exchanging at 

so least a portion of the anions in a known polymer c) described above with the polydentate anionic complexes 
described above. S2 03^~ being the most preferred one. The following description of the preparation of 
polymer b) and the cross-linked polymer of the present invention respectively is illustrated using the 
SzOa^" (peroxodi sulphate) anion although the useful types of anions are not restricted thereto. 

For the ionic cross-linking with peroxodisulphate. solutions of peroxodisulphuric acid or its ammonium. 

55 aJkali or alkaline earth metal salts, for example the tetrabuiylammonium. sodium or potassium salts, are for 
example useful. The acid or the salt may be dissolved in organic solvents but an aqueous solution is 
preferred. When the polydentate anion'tc complex is a permanganate anion, for example in the form of an 
aqueous potassium permanganate solution, such aqueous solutions preferably contain traces of an acid. 
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Aqueous solutions containing the peroxodisulphate lon are preferably highly concentrated, depending 
on the type of salt used. In general, concentrations from 0.1 weight percent up to saturated solutions of the 
salt are useful. For example, a 5 to 20 weight percent aqueous solution of Na-SzOs is preferred. Polymer o 
can be dissolved in an organic solvent but aqueous solvents are preferred. 

5 In a first method A for producing a polymer of the present invention, a solution of an above mentioned 

known polymer o which typically contains monodentate anions such as halogen, preferably chlonne. is 
applied to a substrate such as a glass plate. Aqueous solutions which contain from 0.1 to 25 weight percent 
of polymer c). more preferably from 1 to 20 weight percent of polymer c). most preferably from 1 to 10 
weight percent of polymer a are preferred. Solutions of polymer c) in an organic solvent are less preferred. 

TO The polymer solution and the substrate are then dipped into an above described solution which contains 
peroxodisulphate ions. The polymer solution can. for example, simply be poured on a glass plate which is 
then dipped into the solution containing peroxoaisulphate ions. The anion exchange between the monoden- 
tate anion, such as chloride, and the peroxodisulphate ion and the crcss-iinking usually take place within a 
couple of minutes. The polymer of the present invention is deposited on the substrate in the fomn of a solid. 

75 water-insoluble film. 

In a further method B. a film produced from a known above described polymer ci is dipped into the 
above described solution containing peroxodisulphate ions. The film of the polymer c) can be produced by 
evaporating corresponding polymer solutions which are preferably m contact with a substrate such as a 
glass plate. This method is particularly useful employing the above mentioned cross-linked polymeric 

20 starting materials c). The ion exchange and cross-iinking reaction typically takes up to about two hours for 
films having a thickness of up to about 0.5 mm. 

Films of polymer b) and of the polymer of the present invention respectively can also be produced 
according to a process C which is analogous to the process described m U.S. Patent 3.276,598. In this 
process aqueous solutions of the polymenc starting material c) and of the peroxodisulphate ion are placed 

25 in two chambers which are separated from each other with a filter paper or another material having fine 
pores. This method is particularly suitable for producing very thin films of less than 0.1 mm. Solutions 
containing from 0.1 to 25. more preferably from 0.5 to 5 weight percent of polymer c) and solutions 
containing from 0.1 to 70. more preferably from i to 20 weight percent of a peroxodisulphate salt are 
preferred. 

30 in a further method D. the above mentioned film of the known polymer c) ts sprayed with the above 
descnbed aqueous solutions containing peroxodisulphate ions. 

In a further method E. a solution of the known polymer c) is added drop-wise to the peroxodisulphate 
solution. The polymenc solution contains preferably from O.i to 25 weight percent, more preferably from 0.5 
to (0 weight percent of polymer c). The peroxodisulphate solution compnses preferably from 0.1 to 70 
35 weight percent, more preferably from 0.5 to 20 weignt percent of a peroxodisulphate salt. Granules are 
obtained which can be ground to a powder if desired. 

A further method F involves suspending a known solid polymer o in a peroxodisulphate solution. This 
method is particularly useful for polymers produced according to suspension polymerization and for 
polymers which have been cross-linked with a multivalent non-ionic monomer of the above mentioneo type. 
40 According to the above described methods A to F. polymers b) are obtained m which more than 50 

percent, preferably more than 80 percent and more preferably more than 95 percent of the total anion 
content are the above described polydentate anionic complexes depending, among others, on the con- 
centration of the salt solutions compnsing these anions in methods A to F. The production of^ the polymers 
bj according to methods A to F can for example be earned out at a temperature between 15 C and 40 C. 
4*3 preferably at ambient temperature. 

In some cases it is useful to carry out the process for producing the polymer of the present invention m 
an aqueous solution wherein conducting salts are dissolved. Conducting salts are generally known. 
Preferred salts are alkali or ammonium salts which have anions of the following type: Bfi~. PF^~. AsF^'. 
SbCl.-. CIO^- lOc- HSOd-. SOc^', CF.SO3-. CH^CHaSOi". CF-COO". HC:Oc-. ZrF^-". TiF^-". 
50 aikytsuifate, alkylsulfonate. alkylphosphate or alkylphosphonate. 

The aqueous solution preferably contains the conducting salt tn an amount of from 0.001 to 10 mols per 
litre, more preferably from 0.01 to 1 mot per litre. Preferred cations are sodium, potassium, ammonium or 
tetrabutylammonium ions. Instead of the salts, acids such as sulphuric acid are also useful. A preferred type 
of aqueous solution are mixtures of water and methanol containing the above mentioned salts, 
s*; The above described polymers b) and the cross-linked polymers of the present invention are useful for 

prepanng electrically conductive polymer compositions of the present invention as described below. 

Typical examples of a polymer a) having one or more aromatic compounds m polymenzed form are 
pol/mers containing aromatic nngs. furane. amlme. pyrrole and. or thiophene units, substituted or non- 
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substituted polypyrroles. substituted or non-substituted polythiophenes. substituted or non-substitutea 
polyanilines or substituted or non-substituted polyphenylenes. The polyaniiines and in particular the 
polypyrroles are preferred. The expression polypyrrole used herein nneans homo- or copolymers of pyrrole 
and or substituted pyrrole or copolymers of pyrrole and heteroaromatic compounds having rings of 5 or 6 
5 members. 

Preferred pyrroles which can be polymerized according to oxidative polymerization are represented by 
formula IV. 



w 



r17 



I 



18 



(IV) 



N 



15 



16 



wherein 

R*s is alkyl. cycloalkyl, aryl. aralkyl. or alkaryl. which groups are optionally substituted by -COR^". -COOR'- 
20 -S02R2°. -S03R2^ -P03R2°R2\ -P02R2°, -NR2CR2\ .QR^o. -SR^^. -CN or -SiR2^>R23R2V 
or R^6 is hydrogen. -CN. -SOsR^o. -SO3R20, -COR20. -P02R^° or -Si(R22)3; 
R20 and R2' independently represent hydrogen, alkyl. aryl or aralkyl; 
f{22 R23 and R^*- independently represent alkyl or phenyl: 

R'7 and R^s independently represent hydrogen, alkyl. cycloalkyi. aryl. aralkyl, alkaryl. -COR'^ -CN or 
halogen; and 

R'3 is hydrogen, alkyl or aryl. 

Among the alkyl radicals. C -C20 -alkyl are preferred, such as methyl, ethyl, propyl, butyl, cetyl. lauryl 
or steary! groups. Methyl is the most preferred alkyl radical. 

Among the cycloalkyi radicals. Cs-Cz-cycloalkyI are preferred, that is cyciopentyl. cyciohexyl or 
^0 cycloheptyl. of which cyciohexyl is the most preferred. 

Preferred halogen radicals are bromine and chlorine. Aryl radicals preferably represent phenyl or 
naphthyl. most preferably phenyl. 

Aralkyl preferably represents a C7-C - ^-aralkyl. most preferably benzyl. 

Substituted groups are preferably mono- or disubstituted, most preferably mono-substituted. Pyrroles 
which are substituted at the aromatic ring are preferably substituted in the 3- and/or 4-position. 

Preferred pyrroles are the unsubstituted pyrrole, the N-alkylpyrroles, in particular the N-methylpyrrole. 
or the N-arylpyrroles. in particular the N-phenylpyrrole as well as the pyrroles which are substituted at the 
aromatic ring with one or two alkyl groups, preferably methyl groups or one or two halogen radicals, 
preferably bromine or chlorine. 

The optionally substituted pyrroles can be copolymerized with other heteroaromatic compounds, 
preferably with furane. thiophene. thiazote. oxazole. thiadiazole. inaidazole. pyridine. 3,5-dimethylpyridine, 
pyrazine, pyridazlne. 3,5-dimethylpyrazine, carbazole or phenothiazine. 

The most preferred pyrrole copolymers are those produced from unsubstituted pyrrole and optionally 
substituted N-methylpyrrole and copolymers produced from unsubstituted pyrrole or N-methy!pyrrole and 
furane or thiophene. These pyrrole copolymers contain preferably from 0.1 to 10 mol percent of the 
aforementioned other heteroaromatic compounds, based on the amount of pyrrole. The most preferred 
polypyrrole is a homopolymer of unsubstituted pyrrole. 

"Polyaniline" includes homo- or copolymers of aniline andor substituted aniline or copolymers of 
aniline and.or substituted aniline with heteroaromatic compounds having five our six members in the 
aromatic ring. Preferred monomers for producing a polyaniline are unsubstituted aniline. N-methylaniline. 2- 
methylaniline, 3-methylanil(ne and N-phenyl-1 .4-diaminoben2ene. A homopolymer of unsubstituted aniline is 
preferred. 

The process of preparing an electrical conductive polymer composition of the present invention is 
described below using poly(diallyldimethylammonium-peroxodtsuiphate) as polymer b) and unsubstituted 
pyrrole as the monomeric precursor of polymer a) although the process is not restricted thereto. 

The electrically conductive polymer compositions can be prepared by contacting poly- 
(diallyldimethylammonium-peroxodisulphate). hereafter "poly-DOAP" in the form of granules or a powder or 
preferably as a film prepared according to the methods A) to F) described above with 
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I J iiquid pyrrole or with a solution of pyrrole -n an aqueous or organic solvent or 
If) with pyrrole in the gas phase. 

It IS advisable to use a molar excess of pyrroie compared to the amount of poly-DDAP used. 

5 In process I) pyrrole can be dissolved m water or aqueous methanol m an amount of from O.i to 50. 

preferably of from 1 to 10 weight percent, based on the weight of aqueous methanol. Preferably pyrrole 'S 
dissolved m an inert organic solvent such as propylenecarbonate. acetonitnle. a haiogenated hydrocarbon 
such as methylene chlonde or a hydrocarbon such as pentane. hexane or cyclohexane in an amount of 
from 0.1 to 50 weight percent, preferably from 1 to 10 weight percent, based on the weight of the organic 

70 soivent. Preferably, the reaction is performed at a temperature of between 15 and 40* C. more preferably at 
about ambient temperature. The reaction is spontaneous and is generally completed withm about two hours, 
depending on the thickness of the pofy-ODAP fiim or the particle size of the poiy-ODAP granules or 
powders. Electrically conductive polymer compositions of the present invention in granular or powder form 
are obtained when contacting granules or powdery poly-DDAP produced according to methods E) and F) 

7 5 described above. The granules or powders obtained are washed, for example with meti^Bnoi. and dried. The 
electrically conductive polymer compositions of the present invention can be used in powder or granular 
form for some applications or they can be pressed to solid articles such as films, at a temperature between 
150' C and 300* C and pressures of more than 50 bar according to the method disclosed in DE-A-3227914. 
However, it is preferred to contact poly-DDAP in the form of a coating or a film, which has for example 

20 been prepared according to method A), B). C) or D) described above with pyrrole which is preferably 
dissolved m a solvent as described above. A substantial advantage of this embodiment of the present 
invention is that a further step for producing coatings or films as described in DE-A-3227914 can be 
avoided. 

The films or coatings produced from poly-DDAP and pyrrole are obtained in the form of black films or 

25 coatings when using poly-DDAP in the form of a film or a coating as a starting material. After having 
washed the film, for example with methanol and afterwards with water, and after drying, the film-type 
polymer composition obtained is highly scratch resistent and has good adhesion to substrates such as 
glass, metal, paper or plastics. Accordingly, the polymer composition is particularly useful as a coating. It is 
preferred to use poly-DDAP as a coating on a substrate which has been produced according to method A) 

30 described above for producing these types of electrically conductive polymer compositions. Conductivity 
measurements of polymer compositions prepared from poly-DDAP and pyrrole have shown conductivities 
between 10~^ and 10^' Scm. Coatings of poly-DDAP have an electrical conductivity of about l0~''^ S cm 
or less when poly-DDAP is dry. 

Granules or powders, preferably coatings or films with increased conductivity can be obtained if 

25 conducting salts are added to pyrrole or to the above mentioned aqueous or organic solutions. Preferred 
conducting salts are those which have been previously mentioned above. Inorganic salts m aqueous 
methanol are preferred. The volume ratio between water and methanol is in general from 0.1:1 to 10:1. 
preferably from 0.5:1 to 2:1. If an organic solvent is used for dissolving pyrroie then organic conducting 
salts such as alkali and ammonium salts of n-dodecyisulphate. aromatic sulphomc acids, phthalocyanine 

•io sulpoonic acids, polystyrene sulphonic acids, campher sulphonic acid, styrene sulphonic acid, vinyl 
sulpnonic acid, long chain fatty acids or benzene sulfonic acid are preferably used therewith. These organic 
conducting salts are soluble in organic solvents such as acetonitnle. methylene chloride or propylene 
carbonate. The organic solvents or aqueous solvents for the conducting salts such as aqueous methanol 
may be mixed with the above mentioned solvents for pyrrole. The molar ratio between pyrrole and the 

-JS conducting salt is preferably from 3:1 to 20:1. more preferably from 3:1 to 10:1. Electrically conductive 
polymer compositions produced from poly-DDAP and pyrrole having an electrical conductivity between 
about 10"*^ and 10~^ Scm are obtainable when using conducting salts. The process for producing 
electrically conducting polymer compositions in the presence of conducting salts is particularly suitable for 
procucmg self-supporting films. In preparing a self-supporting electrically conductive polymer composition. 

50 it is preferred to start from a self- supporting poly-DDAP film produced according to method B) or D] 
described above, most preferably according to method B) in which an above mentioned slightly cross-linked 
polymeric starting material c) has been used for preparing the poly-DDAP film. 

Instead of polymerizing pyrrole in the presence of polymer b) and a conducting salt, it is also possible 
to produce polymer b). such as poly-DDAP. in the presence of a conducting salt as described aoove and 

55 then polymerizing pyrroie in the absence of a conducting salt. According to both methods, polymer 
compositions are obtainable which have an electrical conductivity of up to 10~' to 10~* S cm. 

It has been found that coatings or. preferably, self-supporting films of the electncally conductive 
polymer composition with even higher electrical conductivities are obtained when a poly-DDAP film is used 
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as an anode which is connected with a cathode such as a platinum electrode. Both electrodes are contacted 
with an electrolyte which preferably is an above mentioned organic solvent, optionally mixed with water, 
containing an above mentioned conducting salt and pyrrole. Pyrrole and the conducting salt{s) are generally 
present in the elctrolyte in molar concentrations of from 0.001 to 5. When pyrrole is used as a monomeric 

5 precursor of polymer a), generally an initial potential of 1 to 100 volts, preferably of 1 to 50 volts and most 
preferably of 2 to 25 volts is applied between the anode and the cathode. According to this method polymer 
films are obtainable which have an electrical conductivity of more than lO^^ S cm. Those films are useful as 
an electrode material or in batteries. 

In a further process 11) for producing the electrically conductive polymer compositions of the present 

10 invention, polymer b) such as poly-DDAP is contacted with evaporated pyrrole or can be sprayed with 
pyrrole. 

In a further method 111), the monomeric precursor(s) of polymer a) is polymerized in the presence of one 
of the above mentioned known polymers c). In this method, a cross-linked polymer b) having anions such 
as S208^" is produced in situ by polymerizing the monomeric precursor(s) of polymer a) in the presence of 

75 an oxidating agent which contains polydentate anionic complexes having a redox potential sufficient for 
enabling oxidative polymerization of the monomeric precursor(s) of polymer a) and in the presence of a 
polymer c) which contains anions which are spontaneously exchangeable with the polydentate anionic 
complexes in the oxidating agent. Useful polymers c) and oxidating agents are described above. The 
monomeric precursor of polymer a) such as pyrrole, polymer c) such as poly(diallyldimethylammonium 

20 chlorido) and an oxidating agent such as KiSzOs are diluted with a diluting agent such as water or aqueous 
methanol, preferably water. 

The molar ratio between the monomeric precursor{s) of polymer a) to oxidating agent is preferably from 
6:1 to 50:1, more preferably from 6:1 to 20:1. The ion exchange and the cross-linking of polymer c) and the 
polymerization of the monomeric precursor(s) of polymer a) is preferably carried out in the presence of a 

25 conducting salt as described above. The molar ratio between the monomeric precursor of polymer a) such 
as pyrrole and the conducting salt is preferably from 3:1 to 20:1. more preferably from 3:1 to 10:1. 
According to method 111, polymer compositions of the present invention are preferably produced at a 
temperature between 15* C and 40* C. more preferably at about ambient temperature. The resulting 
suspension or solution of the electrically conductive polymer composition of the present invention can be 

30 applied to substrates. After drying, the produced coatings are highly scratch resistant and have a very good 
adhesion to the substrate. Coatings with an electrical conductivity of up to about 10"^ S-cm are obtainable 
according to this process. 

The electrically conductive polymer compositions of the present invention are useful for many 
applications generally known for electrically conductive polypyrrole compositions. The use of the electrically 

35 conductive polymer composition as an electrode material is described below in greater detail. The 
electrically conductive polymer compositions of the present invention are preferably used for electroplating 
processes in which organic compounds are oxidized or reduced. Such organic compounds are preferably 
monomeric precursors of polymer a). For example, monomeric precursors of polymer a) such as pyrrole are 
preferably polymerized in the presence of an electrically conductive polymer composition of the present 

40 invention. 

The electrically conductive polymer composition is preferably in the form of a coating on a substrate, 
but self-supporting films are also useful. The polymer composition is useful as an anode on which a film of 
an above mentioned polymer a) can be deposited by electrochemical oxidative polymerization of the 
monomeric precursor(s) of polymer a). When polypyrrole is deposited on an electrically conductive polymer 

45 composition of the present invention, generally an initial potential of 1 to 100 volts, preferably of 1 to 50 
volts and most prelerably of 2 to 25 volts is applied between the anode and the cathode. Known cathodes 
such as platinum electrodes can be used in conjunction with the aforementioned anodes. 

The electrolyte preferably is an organic solvent, optionally mixed with water, in which conducting salts 
are quite soluble. Preferred examples are chlorinated hydrocarbons such as methylene chloride, propylene 

50 carbonate and most preferably acetonitnie. The organic solvents may be mixed with up to 50 weight 
percent, preferably with up to 25 weight percent water, based on the weight of the solvent mixture. Useful 
conducting salts are the same as those mentioned above. The monomeric precursor(s) of polymer a), such 
as pyrrole, and the conducting salts are generally present in the electrolyte in a molar concentration of from 
0.001 to 5. 

55 High electrically conductive polymer films having a coating of polymer a) are obtained according to the 

above described process. These films are useful as electrode materials or in batteries. 

The present invention is further illustrated by the following examples which should not be construed to 
limit the invention. All percentages and parts are by weight unless otherwise mentioned. Unless otherwise 
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mentioned, the electncal conductivity is deternnined by measuring the specific electrical surface resistivity 
(distance between the electrodes is one centinneter and the electric potential is 1.18 volt). The measure- 
ments have been earned out using a Fluke 8060A RMS multimeter. The determination of the electnca; 
conductivity is as descnbed by H.J. Mair. S. Roth. "Eletrisch leitende Kurststoffe". Cari Hauser Veriag 
Munchen. Wien. 1986, pages 27-47 and literature cited therein. 

A 1 percent aqueous solution of poiy(diallyldimethylammoniumchlonde) is added to a 1 percent 
aqeuous solution of (NH^hS^Os. A white precipitate is produced which is filtered off. 



0 Example 1 

1.8 g of a 13.5 percent aqueous solution of poly-(diallyldimethylammonium chloride), hereafter des- 
ignated as poly-DADfVlAC is evenly applied to a substrate made of glass having a surface of 7.5 cm x 2.5 
cm. The poiy-DADMAC contains 13 weight percent monomer and 87 weight percent polymer. The average 
5 molecular weight of poly-DADMAC is 1.470.000 g.mol. the intrinsic viscosity is 2.16 di g. The coateo 
substrate is put in 100 ml of an aqueous solution saturated with KaSxOa. The poly-DADMAC solution is 
quickly solidified to a white film. The film is left for two hours in the K2S2O3 solution, removed therefrom 
and then washed with water and methanol. 

The produced film of poly(diallyldimethylammoniumperoxodisulphate), hereafter designated as poly- 
DDAP. which is fixed on the glass substrate is put in a 5 percent solution of pyrrole m cyclohexane. 
Polypyrrole is immediately produced resulting in the film turns black. After three hours the film is removed 
from the pyrrole-cyclohexane bath together with the glass substrate. Any remaining pyrrole which adheres 
to the film is carefully washed off in methanol. The film is dried at reduced pressure at room temperature. 
The dried film adheres excellently to the glass substrate and is highly scratch resistant. The specific 
electrical surface resistivity of the film is 5.7 x 10*^ ohms. 



Example 2 

o A film of poly-DDAP on a glass substrate produced according to Example 1 is fixed in a glass container 

near the top which container has been purged with nitrogen. The glass container contains liquid pyrrole 
which is not in direct contact with the film. A few minutes after the container has been closed, the reaction 
between the film and the pyrrole gas phase occurs and the polymer film turns black. After two hours the 
film is removed from the container together with the glass substrate and any non-converted pyrrole is 

35 removed from the film with methanol and the film is dried. The specific electrical surface resistivity of the 
film is 5 X 10' ohms. 



Example 3 

A poly-DDAP film on a glass substrate is prepared as described in Example 1 and fixed m a glass 
container compnsing liquid aniline as described in Example 2. The film and the glass substrate are left for 
about 20 hours in the closed container, then removed from the contamer and the film is then washed with 
methanol. The specific electncal surface resistivity of the film is 3 x 10^ ohms. 

Example 4 

3.2 g of the poly-DADMAC solution of Example 1 is applied to a glass substrate and put into a bath 
50 containing 35 g of NatS^Og salt in 120 ml of water whereby a solid white film is produced on the substrate. 
After 2 hours the film and the substrate are removed from the bath and the film is washed with water. The 
poly-DDAP film which has been obtained on the substrate is then put into a bath of 50 ml methanol and 100 
mi water containing 13,6 g dissolved KHSOa and 12 ml dissolved pyrrole. After 5 hours the film is removed 
from the bath together with the glass substrate. The film adheres only partially to the substrate. Any salt 
55 adhering to the film is removed with water and the film is then washed with methanol. 

The specific electrical surface resistivity of the film is 5 x 10- ohms (the distance between the 
electrodes is 1 cm. the potential is 1.15 volts). The self-supporting, wet flexible film obtained is resistant to 
water and organic solvents. 
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Example 5 

Example 4 is repeated, however, NaBFi is used as a conducting salt instead of KHSOi. The specific 
electrical surface resistivity of the film obtained is 4 x 10- ohms. 

5 

Example 6 

Example 4 is repeated, however, KPFg is used as the conducting salt instead of KHSO*. The specific 
TO electrical surface resistivity of the film obtained is 1 x 10^ ohms. 



Example 7 

75 A poly-DDAP film on a glass substrate is produced as in Example 4, however a 10 percent aqueous 
solution of a monomer-free poly-DADMAC is used as a starting material rather than the poly-DADMAC 
solution used in Example 1. The produced poly-DDAP film on the substrate is placed into a 5 percent 
aqueous solution of the sodium salt of polystyrene sulphonic acid to which 8 vol. percent of pyrrole, based 
on the volume of water, has been added. The film is left in this bath for five hours and removed from the 

20 glass substrate. The specific electrical surface resistivity of the film obtained is 1 .6 x 10^ ohms. 



Example 8 

25 A poly-DDAP film on a glass substrate is produced as described in Example 7 and is placed into a 
solution of 12 g of NaBF* in 50 ml of methanol and 100 ml of water which has been mixed with 10 ml of 
aniline. The film is left for about 20 hours in the bath and then removed from the glass substrate. The 
specific electrical surface resistivity of the film obtained is 2.5 x 10^ ohms. 

30 

Example 9 

A poly-DDAP film on a glass substrate is produced as in Example 7 and is placed into a solution of 10 
g of tetrabutylammonium hydrogensulphate in 100 ml of acetonitrile to which 12 ml of pyrrole has been 
35 added. After five hours the film, which adheres strongly to the substrate, is removed from the solution and 
then washed with water and then with methanol. The specific electrical surface resistivity of the film 
obtained is 4 x 10^ ohms. 

40 Example 10 

80 parts of a 13.5 weight percent aqueous poly-DADMAC solution as described in Example i is diluted 
with 20 parts of water and mixed with 6.7 parts of pyrrole. The mixture is stirred for half an hour. 4.1 parts 
of NaHSO. and 4.7 parts of Na2S2 08 in 30 parts of water is added while cooling to 15' C. The solution 
45 turns black and highly viscous. After having stirred for half an hour, a fine dispersion is obtained which is 
applied to a glass substrate. After drying, a black, highly adhesive and scratch resistant coating is obtained 
which has a specific electncat surface resistivity of 6 x 10^ ohms. 

50 Example 1 1 

50 ml of a poly-DADMAC solution is added dropwise to a 30 percent aqueous solution of Na2S208 
under stirnng. The poly-DADMAC which is used has a polymer content of 88 percent, a monomer content 
of 12 percent, a viscosity of 3026 cPoise and an intrinsic viscosity of 1.71 dig. The polymer peroxo 
55 denvative of poly-DADMAC forms quickly as a white precipitate. Stirring is continued for two hours, the 
precipitate is filtered off. washed with water and methanol and then completely dned at reduced pressure at 
ambient temperature. 

Elementary analysis data indicates a completely ionically cross-linked product with a residual chlorine 
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content of less than 0.08% (chlorine content of poiy- DADMAC is 21.95 percent). C:39.74 percent. H:7.57 
percent. N:5.9 percent. S:13.2 percent. Na: <0.2 percent. 

4 parts of poly-DDAP which has been produced according to the process descnbed aoove but not dried 
is pulverized and put into a solution of 12 parts of NaBFi in 100 parts of water. Methanol and oyrrole have 
5 been added to the water to obtain a volume ratio of water:methanol:pyrroie of 100:50:8. The solution is 
stirred for five hours. The obtained black nnatenai is filtered off. washed with water and then with methanol 
and dned. The product is pressed to a tablet under a pressure of 10 bar. The specific electrical surface 
resistivity of the tablet is 3 x 10- ohms. 

w 

Example 12 

70 parts of a 65 percent aqueous solution of DADMAC is mixed with 6.3 parts of tnaliylamine and 
adjusted to a pH of 6 by addition of HCi. The solution is heated to 60* C and mixed with a solution of 0.1 15 

15 parts of 2.2*-a20bis-(2-amidinopropane)dihydrochlohde. commercially available as WAKO-V-50 in 2 parts of 
water. The solution is stirred for three hours at 60 ' C and the highly viscous solution is diluted with 70 parts 
of water. An additional 0.10 parts of WAKO-V-50 in 2 parts of water is added and the solution is stirred for 
an additional 6 hours at 60' C. 

After cooling, 6.5 g of the highly viscous reaction product is applied to a glass plate of 7.5 cm x 7.5 cm 

20 and left for two days. The film, which is formed after evaporation of the water, is removed from the glass 
plate. It has a good mechanical stability. The film has a thickness of 0.5 to 0.7 mm and is put into a 30 
percent aqueous Na2S203 solution. After two hours, the originally colourless film has become white and no 
portions of the film have been dissolved in the solution. The film is removed from the bath and washed with 
water and then with methanol. 

25 The film is put in a suspension of 16 g of the sodium sail of p-styrene sulphonic acid in 100 ml of 
acetonitrile and 12 ml of pyrrole. After 10 hours a deeply black, wet film of extraordinary stability is 
obtained. The film is washed with methanol. The specific electrical surface resistivity of the film obtained is 
5x10^ ohms. 

30 

Example 13 

2 g of poly(2-vinylpyridine) is dissolved in 5 ml of a 16 percent solution of HC! in water and converted 
to the hydro-chlonde form. The viscous solution is applied to a glass substrate of 7.5 cm x 2.5 cm. The 
35 glass substrate coated with poly-f2-vinylpyridiniumhydrochlonde) is put into 100 ml of a saturated solution 
of potassium peroxodisulphate m water. 

After 15 minutes, the glass substrate having a sticky coating of poly(2-vinylpyridiniumperoxodisutphate) 
which adheres well to the substrate is washed with water and methanol and then put into a bath of 
cyclohexane containing 5 percent of pyrrole. The film turns black quickly. The coated glass substrate is 
40 removed from the bath after 15 minutes and washed with methanol. The specific electncai surface resistivity 
of the film obtained is 2 x 10* ohms. 



Example 14 

45 

6 parts of a 4-vinylpyndine styrene copolymer, having a styrene content of lO percent, which is 
commercially available from Aldnch is dissolved in 35 parts of a 16 weight percent solution of HCI m water 
and converted to the hydrochloride form. The highly viscous solution is applied to a glass substrate and put 
into a 20 weight percent aqueous solution of (NHahS-O?. The polymer solution is immediately solidified 
50 into a white film. The glass substrate containing the film which adheres very well to the substrate is washed 
with water and methanol and then put into a bath of lOO ml of acetonitrile containing 12 g of NaBFi and 5 
ml of pyrrole. The substrate containing the film is removed from the bath after 2 hours and washed with 
methanol. The specific electrical surface resistivity of the scratch resistant dry coating obtained is between 
10- and lO*" ohms. 

55 
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Example 15 

6 parts of a 4-vinylpyridine styrene copolymer, having a styrene content of 10 percent, which is 
commerciaiiy available from Aldrich is dissolved in 35 parts of a 16 weight percent soiutton of HCI in water 
and converted to the hydrochloride form. The highly viscous solution is applied to a glass substrate. The 
water is allowed to evaporate and a coating is obtained. The glass substrate containing the coating which 
adheres very well to the substrate is put in a 10 weight percent aqueous solution of (NHi)2S208. After 2 
hours the transparent coating has been converted to a white tough, sticky material and no portions of the 
coating have been dissolved in the solution. The substrate containing the coating is put into a bath of a 
mixture of 100 ml of water and 50 ml of methanol containing 6.8 g of sodium dodecylhydrogensulfate and 6 
ml of pyrrole. The polymer. peroxo-coating gradually becomes black after about 10 minutes. The substrate 
containing the black coating is removed from the bath after 5 hours. The coating can be pulled off the 
substrate in form of a film. The wet film is mechanically stable and flexible but tends to become somewhat 
brittle when completely dried. The surface of the film which has been exposed to the pyrrole/sodium 
dodecylhydrogensulfate solution is black and mat and has an electrical resistivity of about 10- ohms. The 
back side of the film which has adhered to the substrate is black and glossy and has an electrical resistivity 
of 10^ ohms due to the fact that only pyrrole and not the bulky dodecylhydrogensulfate anion could 
penetrate the film. 



Example 1^ 

5 parts of the 4-vinylpyridine/Styrene copolymer described in Example 14 is dissolved in 100 parts of a 
10 weight percent aqueous solution of HBF*. The highly viscous solution is applied to a glass substrate and 
put into a 10 weight percent solution of (NH4)2S208. The polymer solution is solidified into a white film. The 
glass substrate containing the film is washed with water and put into a mixture or 100 ml of methanol and 
60 ml of a 10 weight percent aqueous solution of HBF* containing 6 g of aniline. The substrate containing 
the black coating is removed from the mixture after 2 hours and washed with water and methanol- The 
specific electrical surface resistivity of the coating is 10^ ohms. 



Example 17 

4 g of a copolymer produced from 50 mol percent DADMAC and 50 mol percent acrylamide (80 
percent DADMAC conversion, molecular weight about 3.000,000) is dissolved in 200 ml of water. 25 ml of a 
20 weight percent aqueous (NHdhSsOs solution is added at once to the stirred polymer solution. The 
polymer-peroxo derivative immediately precipitates from the solution in the form of a white gel-like material. 
500 ml of acetone is added to the solution in order to complete the polymer precipitation. The product is 
separated by filtration and washed with 2 x 100 ml of acetone and additionally with 100 ml of acetonitrile. 
8.6 g of the wet product is put into a solution of 5.4 g of NaBF* and 5 m! of pyrrole in 50 ml of acetonitrile. 
The polymer-peroxo derivative gradually turns black within 40 minutes. The product is washed with 
methanol, dried and pressed to a tablet. The specific electrical surface resistivity of the tablet is 4 x 10* 
ohms. 



Example 18 

Use of a coating prepared from poly-DDAP and pyrrole as an electrode material 

The scratch resistant and abrasive resistant coating prepared from poly-DDAP and pyrrole on a glass 
substrate of 7.5 cm x 2.5 cm produced according to Example 1 is used as an anode. A platinum electrode 
of 2 cm X 4 cm and 0.1 mm thickness is used as a cathode. The electrolyte consists of a 0.1 molar solution 
of tetrabutylammoniumtetrafluoroborate in tOO ml of acetonitrile which additionally contains pyrrole at a 
concentration of 1 molar. The electrodes are located in a closed container used for electrolysis at a distance 
of about 2.5 cm. The portion of the surface of the electrodes which is dipped into the solution is about 2 cm 
X 2.5 cm. A potential of 20 volts is applied for about 4 1/2 hours. The coaled substrate is taken out of the 
bath, washed with methanol and dned under reduced pressure at ambient temperature. The electrical 
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surface resistivity of the coating which has not been in direct contact with the electrolyte is 9 x 10- ohms. 
The surface of the coating which has been located m the electrolyte is coated with a layer of anodically 
deposited pclypyrrole. its electrical surface resistivity being 140 ohms. This portion of the coating can be 
removed from the substrate as a thm, black, mechanically stable, flexible film. 

Comparative Exainple 

Example 18 is repeated, however a platinum electrode is used as an anode instead of a glass substrate 
coated with the coating produced from poly-DDAP and pyrrole. A second platinum electrode, which has 
been described in Example 16, is used as a cathode. The distance between the two electrodes and the 
type of electrolyte solution are the same as in example 16. The electrochemical deposition of pyrrole 
(concentration 1 molar) is carried out at a potential of 1.5 volts. After one hour, a portion of the platinum 
electrode is coated with a black film of polypyrrole. After an additional hour, the platinum electrode is 
removed from the bath and any conducting salt which still adheres to the deposited polypyrrole is removed 
with methanol. The coated electrode is then dried. It has an electrical surface resistivity of 32 ohms. It is not 
possible to remove polypyrrole produced under these conditions from the electrode in the form of a self- 
supporting film. 

Example 19 

The mechanically stable wet poly-DDAP film prepared from poiy-DADMAC and Na2S2 0s according to 
Example 12 is used as an anode. A platinum electrode as described in Example 18 is used as an cathode. 
The electrolysis is carried out as described in Example 18. but 300 ml of acetonitril containing tetrabutylam- 
moniumtetrafluorotDorate at a concentration of 0.1 molar and pyrrole at a concentration of 0.5 molar is used 
as an electrolyte. As soon as the poly-DDAP film is dipped into the bath, it becomes black and conductive. 
The film is switched as an anode and a voltage of 4.5 volt is applied for about 10 minutes. The voltage is 
then decreased to 2.2 volt for 1.5 hours. The electncal conductivity of the film is 0.7 S cm (measured by 
four-point measurement). 

Claims 

1. An electncaliy conductive polymer composition of a polymer a) comprising one or more aromatic 
compounds in polymerized form and a polymer containing tonic groups, characterized in that it is 
producible by oxidative polymenzation of the said aromatic compounds in the presence of a polymer b) 
containing a potydentate anionic complex which has a redox potential sufficient for enabling oxidative 
polymerization of the said aromatic compounds. 

2- The polymer composition of Claim 1 . characterized m that polymer a) is a homo- or copolymer of 
one or more substituted pyrrole, unsubstituted pyrrole, substituted thiophene. unsubstituted thiophene. 
substituted aniline and. or unsubstituted aniline. 

3. The polymer composition of Claim 1 or 2. characterized in that the polymer b) is cross-linked via 
polydentate. anionic metal complexes. 

4. The polymer composition of Claim 3, charactenzed in thai the polymer b) is cross-linked via anions 
of the type Cr207-". MnOc- or Fe(CN)5'~. 

5. The polymer composition of Claim 1 or 2. characterized n that the polymer b) is cross-linked via 
polydentate. anionic non-metallic complexes. 

6. The polymer composition of Claim 5. charactenzed in that the polymer b) is cross-linked via anions 
of the type SzO^-~ or B^O/-"- 

7. The polymer composition of any of Claims 1 to 6. characterized m that the polymer b) has 
ammonium, phosphonium or sulphonium groups m the polymer chain(s). 

8. The polymer composition of any of Claims 1 to 7. charactenzed in that the polymer bl is a homo-or 
copolymer of one or more monomers of Formula I 
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75 wherein 

A and B are the same or different and represent an alkyi or phenyl radical, either unsubstituted or having 
one or more substituents which are not polymerizable in the presence of a free radical initiator; 
or A and B together represent -CH2-CH2-. -CH(CH3)-CH(CH3)-. -CH = CH-CH = CH-. -CH = CH-CH = N-. or 
-CH = CH-N = CH-; and 

20 R and r' are the same or different and represent an atom or group which is non-polymerizing, and the 
polymer is cross-linked via polydentate. anionic non-metallic or metal complexes, 

9. The polymer composition of any of Claims 1 to 8 in the form of a film. 

10. A process for preparing an electrically conductive polymer connposition which process comprises 
polymerizing one or more aromatic compounds in the presence of a polymer containing a polydentate 

25 anionic complex having a redox potential sufficient for enabling oxidative polymerisation of the aromatic 
compound. 

11. The process of Claim 10, characterized in that the polynner containing a polydentate anionic 
complex is utilized in the form of a film which is contacted with an electrolyte containing one or more 
aromatic compounds and a conducting salt and a potential of 1 to 100 volts is applied between the film and 

00 a cathode. 

12. A process for preparing an electrically conductive polymer composition which process comprises 
polymerizing one or more aromatic compounds in the presence of an oxidizing agent containing a 
polydentate anionic complex having a redox potential sufficient for enabling oxidative polymerization of the 
aromatic compound, and in the presence of a polymer containing anions which are spontaneously 

35 exchangeable with the polydentate anionic complex of the oxidizing agent and before or during oxidative 
polymerization of the aromatic compound the anions in the polymer are at least partially exchanged with the 
polydentate anionic complex of the oxidizing agent whereby a polymer containing the polydentate anionic 
complex is produced. 

13. Use of the electrically conductive polymer composition of any of Claims 1 to 9 as an electrical 
40 conductor or semi-conductor, as an electrode material, in a solar cell, for the antistatic finishing of plastics 

or paper, as an electromagnetic shielding material, as an electrochemical membrane, in a heating film, for 
capacitive scanning or in a fuel cells. 

14- An electncal cell or a heating element containing the electrically conductive polymer composition as 
claimed in any of Claims 1 to 9. 
46 15. A polymer which is cross-linked via polydentate. anionic non-metallic complexes which have a 
redox potential sufficient for enabling oxidative polymenzation of aromatic compounds. 

16. The polymer of Claim 15 which is cross-linked via anions of the type SsOs^" or BaO/""- 

17. The polymer of Claim 15 or 16 which is a cross-linked homo- or copolymer of one or more 
monomers of Formula I 

50 
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15 wherein 

A and B are the same or aifferent and represent an alkyi or phenyl radical, either unsubstituted or having 
one or more substituents which are not polymertzabie in the presence of a free radical initiator; 
or A and B together represent -CH2-CH2-. -CH(CH3hCH(CH3)-. -CH = CH-CH = CH-. -CH = CH-CH = N-. or 
-CH = CH-N = CH-: and 

20 R and R are the same or different and represent an atom or group which is non-polymerizing. 



Claims for the following Contracting StaterES 

25 1. A process for preparing an electrically conductive polymer composition which process comprises 

polymerizing one or more aromatic compounds in the presence of a polymer containing a polydentate 
anionic complex having a redox potential sufficient for enabling oxidative polymerization of the aromatic 
compound. 

2. The process of Claim 1. characterized in that the polymer containing a polydentate anionic complex 
30 is utilized in the form of a film which is contacted with an electrolyte containing one or more aromatic 

compounds and a conducting salt and a potential of 1 to 100 volts is applied between the film and a 
cathode. 

3. A process for preparing an electrically conductive polymer composition which process compnses 
polymenzing one or more aromatic compounds in the presence of an oxidizing agent containing a 

35 polydentate anionic complex having a redox potential sufficient for enabling oxidative polymerization of the 
aromatic compound, and m the presence of a polymer containing anions which are spontaneously 
exchangeable with the polydentate anionic complex of the oxidizing agent and before or during oxidative 
polymerization of the aromatic compound the anions in the polymer are at least partially exchanged with the 
polydentate anionic complex of the oxidizing agent whereby a polymer containing the polydentate anionic 

JO complex is produced. 

4. The process of Claim 1 or 3. characterized m that the said aromatic compounds are polymenzed in 
the presence of a conducting salt. 

5- The process of any of Claims 1 to 4. characterized in that one or more substituted pyrrole, 
unsubstituted pyrrole, substituted thiophene. unsubstituted thiophene, substituted aniline and or unsub- 
45 stituted aniline is homo- or copolymerized. 

6. The process of any of Claims 1 to 5. characterized m that the polymer is cross-linked via 
polydentate. anionic metal complexes. 

7. The process of Claim 6, characterized in that the polymer is cross-linked via anions of the type 
Cr:07--. MnOi or FefCNk-". 

50 3. The process of any of Claims 1 to 5. characterized in that the polymer is cross-linked via 
polydentate. anionic non-metallic complexes. 

9. The process of Claim 8. characterized in that the polymer is cross-linked via anions ol the type 
S:.Oi-" or BdO?^"- 

10. The process of any of Claims 1 to 9. characterized in that the polymer has ammonium. 
55 phosphonium or sulphonium groups in the polymer chain(s). 

1 1. The process of any of Claims 1 to 10. characterized in that the polymer is a homo- or copolymer of 
one or more monomers of Formula I 
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75 wherein 

A and B are the same or different and represent an alkyi or phenyl radical, either unsubstituted or having 
one or more substituents which are not polymerizabie in the presence of a free radical initiator: 
or A and B together represent -CH2-CH2-. -CH(CH3)-CH(CH3K -CH = CH-CH = CH-. -CH = CH-CH = N-. or 
-CH = CH-N = CH-; and 

20 R and r' are the same or different and represent an atom or group which is non-polymerizing, and the 
polymer is cross-linked via potydentate, anionic non-metaltic or metal complexes, 

12. The process of Claim 11. characterized in that in formula 1 A and 8 independently are methyl, ethyl 
or phenyl and R and r' independently are hydrogen or methyl and the polymer is cross-linked with SzOs^" 
anions. 

25 3. The process of any of Claims 1 to 12 for preparing the polymer composition in the form of a film. 

14. Use of the electrically conductive polymer composition prepared according to any of Claims 1 to 13 

as an electrical conductor or semi-conductor, as an electrode material, in a solar cell, for the antistatic 

finishing of plastics or paper, as an electromagnetic shielding material, as an electrochemical membrane, in 

a heating film, for capacitive scanning or in a fuel cell. 
30 15. An electrical cell or a heating element containing an electrically conductive polymer composition 

prepared according to any one of Claims 1 to 13. 
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